" [Victor Niederhoffer] 
"In statistical terms, I figure I have traded about 2 million contracts…with an average profit of $70 per contract. This average profit is approximately 700 standard deviations away from randomness, a departure that that would occur by chance alone about as frequently as the spare parts in an automotive salvage lot might spontaneously assemble themselves into a McDonald's restaurant."
Victor Niederhoffer The Education of a Speculator (1997) 
"On Wednesday Niederhoffer told investors in three hedge funds he runs that their stakes had been 'wiped out' Monday by losses that culminated from three days of falling stock prices and big hits earlier this year in Thailand."
David Henry USA Today (October 30, 1997) 
"Much of the real world is controlled as much by the 'tails' of distributions as by means or averages: by the exceptional, not the mean; by the catastrophe, not the steady drip; by the very rich, not the 'middle class.' We need to free ourselves from 'average' thinking." Philip Anderson Nobel Prize Recipient, Physics Some Thoughts About Distribution in Economics 3

Experience Versus Exposure
In his 2001 letter to shareholders, Warren Buffett distinguishes between experience and exposure. Although Buffett's comments are in the context of Berkshire Hathaway's insurance business, his point is valid for any exercise with subjective probabilities. Experience, of course, looks to the past and considers the probability of future outcomes based on occurrence of historical events. Exposure, on the other hand, considers the likelihood-and potential risk-of an event that history (especially recent history) may not reveal. Buffett argues that in 2001 the insurance industry assumed huge terrorism risk without commensurate premium because it was focused on experience, not exposure.
Investors, too, must discern between experience and exposure. The high-profile failures of Long Term Capital Management and Victor Niederhoffer give witness to this point. Remarkably, however, standard finance theory does not easily accommodate extreme events. Financial economists generally assume that stock price changes are random, akin to the motion of pollen in water as molecules bombard it.
In a triumph of modeling convenience over empirical results, finance theory treats prices changes as independent, identically distributed variables and generally assumes that the distribution of returns is normal, or lognormal. The virtue of these assumptions is that investors can use probability calculus to understand the distribution's mean and variance, and can therefore anticipate various percentage price changes with statistical accuracy. The good news is that these assumptions are reasonable for the most part. The bad news, as physicist Phil Anderson notes above, is that the tails of the distribution often control the world.
Tell Tail
Normal distributions are the bedrock of finance, including the random walk, capital asset pricing, value-at-risk, and Black-Scholes models. Value-at-risk (VaR) models, for example, attempt to quantify how much loss a portfolio may suffer with a given probability. While there are various forms of VaR models, a basic version relies on standard deviation as a measure of risk. Given a normal distribution, it is relatively straightforward to measure standard deviation, and hence risk. However, if price changes are not normally distributed, standard deviation can be a very misleading proxy for risk.
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In fact the research, some done as long as 40 years ago, shows that price changes do not follow a normal distribution. Figure 1 shows the frequency distribution of S&P 500 daily returns from January 1979 to March 2002 and a normal distribution derived from the data. Figure 2 highlights the difference between the actual returns and the normal distribution. Analysis of different asset classes and time horizons yield similar results. 6 The figures show that:
• Small changes appear more frequently than the normal distribution predicts.
• There are less medium-sized changes than the model implies (roughly 0.5 to 2.0 standard deviations).
• There are fatter tails than what the standard model suggests. This means that there are a greaterthan-expected number of large changes. 
Standard Deviation Difference in Frequency
The fat tails, in particular, warrants additional comment. These extreme value changes happen considerably more frequently than the standard model suggests, and can have a substantial influence on portfolio performanceespecially for leveraged portfolios. For example, during the October 1987 crash, which we excluded from our figures for presentation purposes, the S&P 500 plummeted over 20%, a change that is 19 standard deviations from the mean. Roger Lowenstein notes:
"Economists later figured that, on the basis of the market's historical volatility, had the market been open every day since the creation of the Universe, the odds would still have been against its falling that much in a single day. In fact, had the life of the Universe been repeated one billion times, such a crash would still have been theoretically 'unlikely'." The pattern of many small events and few large events is not unique to asset prices. Indeed it is a signature of systems in the state of "self-organized criticality." Self-organization is the result of interaction between individual agents (in this case investors) and requires no leadership. A critical state is one where small perturbations can lead to events of many types. Self-organized criticality marks systems as varied as earthquakes, extinction events, and traffic jams. Is there a mechanism that can help explain these episodic lunges? We think so. As we have noted in previous reports, markets tend to function well when a sufficient number of diverse investors interact. 9 Conversely, markets tend to become fragile when this diversity breaks down and investors act in a similar way (this can also result from some investors withdrawing). A burgeoning literature on herding addresses this phenomenon. Herding is when a large group of investors make the same choice based on the observations of others, independent of the own knowledge. Information cascades, another good illustration of a self-organized critical system, are closely linked to herding.
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What Fat Tails Mean for Investors
O.K. Big changes in prices appear more frequently than they are supposed to. What does this mean for investors from a practical standpoint? We believe there are a few important implications:
• Cause and effect thinking. One of the essential features of self-organized critical systems is that the size of the perturbation and resulting event may not be linearly linked. Sometimes small-scale inputs can lead to large-scale events. This dashes the hope of finding causes for all effects. For example, in a widely cited 1989 paper, Cutler, Poterba, and Summers review the 50 largest post-war moves in the S&P 500 Index and the "causes", as reported by the New York Times the subsequent day. They summarize:
"On most of the sizable return days…the information that the press cites as the cause of the market move is not particularly important. Press reports on subsequent days also fail to reveal any convincing accounts of why future profits or discount rates might have changed."
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• Risk and reward. The standard model for assessing risk, the capital asset pricing model, assumes a linear relationship between risk and reward. In contrast, nonlinearity is endogenous to self-organized critical systems like the stock market. Investors must bear in mind that finance theory stylizes the real world data. That the academic and investment community so frequently talk about events five or more standard deviations from the mean should be a sufficient indication that the widely used statistical measures are inappropriate for the markets.
• Portfolio construction. Investors that design portfolios using standard statistical measures may understate risk (experience versus exposure). This concern is especially pronounced for portfolios that use leverage to enhance returns. Many of the most spectacular failures in the hedge fund world have been the direct result of fat tail events. Investors need to take these events into consideration when constructing portfolios.
A useful means to navigate a fat-tailed world is to first measure the current expectations underlying an asset price, and then contemplate various ranges of value outcomes and their associated probabilities. This process allows investors to give some weight to potential fat tail events.
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Standard finance theory has advanced our understanding of markets immensely. But some of the theory's foundational assumptions are not borne out by market facts. Investors must be aware of the discrepancies between the theory and reality and adjust their thinking (and portfolios) accordingly. Finance, 51, no. 5, December 1996 , 1612 . Jackwerth and Rubinstein note that assuming annualized volatility of 20% for the market and a lognormal distribution, the 29% drop in the S&P 500 futures was a 27 standard deviation event, with a probability of 10 -160 . 8 Per Bak, How Nature Works (New York: Springer-Verlag, 1996) . Information and opinions presented in this report have been obtained or derived from sources believed by CSFB to be reliable, but CSFB makes no representation as to their accuracy or completeness and CSFB accepts no liability for loss arising from the use of the material presented in this report unless such liability arises under specific statutes or regulations. This report is not to be relied upon in substitution for the exercise of independent judgment. CSFB may have issued other reports that are inconsistent with, and reach different conclusions from, the information presented in this report. Those reports reflect the different assumptions, views and analytical methods of the analysts who prepared them.
CSFB may, to the extent permitted by law, participate or invest in financing transactions with the issuer(s) of the securities referred to in this report, perform services for or solicit business from such issuers, and/or have a position or effect transactions in the securities or options thereon. In addition, it may make markets in the securities mentioned in the material presented in this report. CSFB may, to the extent permitted by law, act upon or use the information or opinions presented herein, or the research or analysis on which they are based, before the material is published. CSFB may have, within the last three years, served as manager or co-manager of a public offering of securities for, or currently may make a primary market in issues of, any or all of the companies mentioned in this report. Additional information is available on request.
Some investments referred to in the research will be offered solely by a single entity and in the case of some investments solely by CSFB, or an associate of CSFB. Past performance should not be taken as an indication or guarantee of future performance, and no representation or warranty, express or implied, is made regarding future performance. Information, opinions and estimates contained in this report reflect a judgement at its original date of publication by CSFB and are subject to change. The price, value of and income from any of the securities or financial instruments mentioned in this report can fall as well as rise. The value of securities and financial instruments is subject to exchange rate fluctuation that may have a positive or adverse effect on the price or income of such securities or financial instruments. Investors in securities such as ADR's, the values of which are influenced by currency volatility, effectively assume this risk.
Structured securities are complex instruments, typically involve a high degree of risk and are intended for sale only to sophisticated investors who are capable of understanding and assuming the risks involved. The market value of any structured security may be affected by changes in economic, financial and political factors (including, but not limited to, spot and forward interest and exchange rates), time to maturity, market conditions and volatility, and the credit quality of any issuer or reference issuer. Any investor interested in purchasing a structured product should conduct their own investigation and analysis of the product and consult with their own professional advisers as to the risks involved in making such a purchase.
Some investments discussed in the research may have a high level of volatility. High volatility investments may experience sudden and large falls in their value causing losses when that investment is realised. Those losses may equal your original investment. In the case of some investments the potential losses may exceed the amount of initial investment, in such circumstances you may be required to pay more money to support those losses. Income yields from investments may fluctuate and in consequence initial capital paid to make the investment may be used as part of that income yield.
Some investments may not be readily realisable and it may be difficult to sell or realise those investments, similarly it may prove difficult for you to obtain reliable information about the value, or risks, to which such an investment is exposed. The investments and services contained or referred to in this report may not be suitable for you, it is recommended you consult an independent investment advisor if you are in doubt about those investments or investment services. Nothing in this report constitutes investment, legal, accounting or tax advice nor a representation that any investment or strategy is suitable or appropriate to your individual circumstances. Nothing in the report constitutes a personal recommendation to you. CSFB does not advise on the tax consequences of investments. You are advised to contact an independent tax adviser. Please note the bases and levels of taxation may change.
